Purpose: Whether neoadjuvant chemotherapy (NCT) followed by concurrent chemoradiotherapy (CCRT) could improve survival in nasopharyngeal carcinoma (NPC) remains controversial especially in the era of intensity-modulated radiation therapy (IMRT), and we explored the role of NCT for NPC patients. Patients and methods: A retrospective review was conducted of 255 NPC patients treated with NCT+CCRT (n=67) or CCRT alone (n=188) based on IMRT between December 2006 and December 2012. To control the imbalance, a 1:2 match was performed using propensity score matching (PSM) method based on patient's heterogeneity and regimens of concurrent chemotherapy (CCT). The long-term treatment outcomes and toxicity between NCT group (n=67) and concurrent chemoradiotherapy (CRT) group (n=134) after PSM were compared.
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Introduction
Nasopharyngeal carcinoma (NPC) is common in southern China, and the only curative treatment modality for non-metastatic NPC is radiation therapy. Intensity-modulated submit your manuscript | www.dovepress.com
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chen et al radiation therapy (IMRT) gradually becomes the primary treatment of NPC because of its unique advantage and really achieves excellent locoregional control. [1] [2] [3] It has offered the potential of improved target conformation and sparing of critical structures. Concurrent chemoradiotherapy (CCRT) has been the current standard treatment strategy for locally advanced NPC. [4] [5] [6] [7] [8] However, in the era of IMRT, a major failure pattern of distant metastasis still occurs. 9 Actually, NPC patients have benefited from neoadjuvant chemotherapy (NCT) followed by CCRT that may be associated with the reduced distant failure and significantly improved progression-free survival (PFS) compared with CCRT alone. 10, 11 Given the lack of studies, the efficacy of NCT followed by CCRT remains unclear in the era of IMRT. Longterm efficacy and toxicities of the NCT followed by CCRT for NPC still need to be further investigated. 12 Long-term outcomes of 255 patients receiving NCT followed by CCRT or CCRT alone using IMRT were retrospectively analyzed, and propensity score matching (PSM) method was used to reduce the bias and mimic randomized trials based on patient's heterogeneity and chemotherapy regimens of CCRT.
Patients and methods
Patient selection using the PsM method
A total of 255 NPC patients primary pathologically confirmed without distant metastases and treated by NCT followed by CCRT (NCT group, n=67) or CCRT alone (concurrent chemoradiotherapy [CRT] group, n=188) at Guangxi Medical University (GXMU) Assistant Tumor Hospital from December 2006 to December 2012 were eligible for our study. Auxiliary examination included hematology and biochemistry profiles, fiberoptic nasopharyngoscopy with biopsy, magnetic resonance imaging (MRI) of nasopharynx and neck, chest radiography or computed tomography (CT), abdominal sonography or CT and technetium-99-m-methylene diphosphonate whole-body bone scan. All the cases were staged according to American Joint Cancer Committee (AJCC) 2010 staging classification. In order to control the imbalance, a 1:2 match between the NCT and CRT groups was performed using PSM based on the patients' heterogeneity and chemotherapy regimens of CCRT. Eight covariates were entered in the propensity model, including age, sex, Karnofsky performance status (KPS), pathology type of World Health Organization (WHO), T, N and clinical classification and chemotherapy regimens of CCRT. After PSM, 201 patients (NCT:CCRT =67:134) were included for analysis successfully. The ethics committee of the Affiliated Tumor Hospital of GXMU approved the study protocol, and all patients provided signed informed consent for the use of their data for future research.
Treatment iMrT
A description of IMRT was detailed in our study published previously. 13 Target volume and organs at risk (OARs) were contoured according to the International Commission on Radiation Units and Measurements Report 50 and 62 (ICRU50 and 62) guidelines. Patient's head and neck were immobilized using a thermoplastic mask in the supine position. Planning CT simulation-enhanced scanning of the head and neck area at 2.5 or 5 mm thickness was performed. The gross tumor volume (GTV) and cervical lymph node tumor volume (GTVnd) were defined as the gross extent of the tumor shown by CT/MRI and physical examinations. The clinical target volume (CTV) was delineated, which included the GTV with a 0.5-1.0 cm margin. When GTV was adjacent to critical OARs, such as the spinal cord or brainstem, the margin of CTV was adjusted to no .3 mm depending on the proximity of critical structures. Planning target volume (PTV) was defined as CTV plus a margin of 3 mm depending on the proximity of critical structures. 
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ncT followed by ccrT vs ccrT alone for nPc survival (RFS) and distant failure-free survival (DFFS) were treated as the end points that referred to the duration from the date of pathologic diagnosis to the date of any cause of death, any progression including death, nasopharyngeal or regional lymph node relapse and distant metastasis, respectively. Treatment-related toxicities were assessed according to the Common Terminology Criteria for Adverse Events (CTCAE, v4.0). 14 
Follow-up
The cohort was followed up after the completion of IMRT every 3 months in the first 2 years, every 6 months for 3 additional years and annually thereafter according to our institutional protocol of NPC management. Inspection methods include MRI or CT scanning for nasopharynx and neck, fiber optic endoscopy and biopsy if necessary, bone scan, abdominal ultrasonography and chest X-ray. The follow-up rate was ~93.0% for 201 patients selected from PSM method.
statistics
Survival analysis was estimated with the Kaplan-Meier method. The log-rank test was applied for univariate analysis. Cox regression was used for multivariate analysis. Statistical analyses were carried out by SPSS 19.0 statistical software. The level of significance was set at a two-tailed P-value of ,0.05.
Results
Patients, treatment characteristics and compliance
Baseline patient and treatment characteristics in the pre-and post-PSM cohort are shown in Table 1 
long-term survival outcomes
The median follow-up time was 49 months (11-105 months) for NCT group, while 48 months (8-109 months) for CRT group. By the end of follow-up, there were 18 patients with death, 21 with progression, six with local recurrence, none with regional recurrence and 13 with distant metastasis in NCT group, while 24 with death, 33 with progression, eight with local recurrence, five with regional recurrence and 22 with distant metastasis in CRT group. No obvious difference in incidence of the events was found between the two groups (all P.0.05). For NCT group, 1-, 3-and 5-year OS was 98.5%, 86.4% and 78.8%, while 97.7%, 88.6% and 79.5% for CRT group, respectively (P=0.305). For NCT group, 1-, 3-and 5-year PFS was 95.5%, 80.4% and 69.1%, while 92.5%, 80.3% and 75.7% for CRT group, respectively (P=0.448). For NCT group, 1-, 3-and 5-year RFS was 98.5%, 95.2% and 90.0%, while 98.5%, 96.1% and 92.7% for CRT group, respectively (P=0.790). For NCT group, 1-, 3-and 5-year local recurrence-free survival (LRFS) was 98.5%, 95.2% and 90.0%, while 99.2%, 96.9% and 94.2% for CRT group, respectively (P=0.512). For NCT group, 1-, 3-and 5-year regional recurrence-free survival (RRFS) was submit your manuscript | www.dovepress.com
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chen et al all 100%, while 99.2%, 98.5% and 96.1% for CRT group, respectively (P=0.104). For NCT group, 1-, 3-and 5-year DFFS was 97.0%, 86.3% and 78.3%, while 94.8%, 84.6% and 82.7% for CRT group, respectively (P=0.671). However, OS, PFS, RFS, LRFS, RRFS and DFFS were with no statistically significant difference in pairwise comparison among NCT and CRT groups ( Figure 1 ).
Prognostic factors affecting survival in the whole PsM cohort
The multivariate analysis of the whole propensity-matched cohort by the adjusted Cox proportional hazards model is shown in Table 2 , and the hazard radio (HR) was adjusted for all variables in the table including treatment effects, age, sex, KPS, regimens and cycles of concurrent chemotherapy and T, N and clinical stage. It indicated that the effects of treatment (NCT+CCRT vs CCRT) on patients' OS, PFS, RFS, LRFS, RRFS and DFFS were not statistically significant (P=0.627, 0.879, 0.760, 0.847, 0.969 and 0.774, respectively). It also demonstrated that OS and RFS tended to decrease with the increase in age (P=0.021 and 0.044, respectively), while higher KPS improved DFFS (P=0.039). It showed worse results on OS, PFS, RFS and LRFS in advanced cases of stage IV (P=0.002, 0.022, 0.003 and 0.004, respectively). Results showed that no matter whether NCT was adopted or not, patients who had completed at least two cycles of concurrent chemotherapy got better OS, RFS and DFFS (P=0.009, 0.016 and 0.043, respectively). Other factors including sex, T stage, N stage and regimens of CCRT were not significant factors affecting the survival. 
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ncT followed by ccrT vs ccrT alone for nPc Figure 1 (A-F) Os, PFs, rFs, lrFs, rrFs and DFFs in ncT and crT groups in the 1:2 PsM cohort. Note: every curve represents censored and uncensored data, and "+" represents censored data. Abbreviations: Os, overall survival; PFs, progression-free survival; rFs, recurrence-free survival; lrFs, local recurrence-free survival; rrFs, regional recurrence-free survival; DFFs, distant failure-free survival; crT, concurrent chemoradiotherapy; ncT, neoadjuvant chemotherapy; PsM, propensity score matching.
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In subset analysis by sex, age, KPS, T, N and clinical stage and regimens and cycles of concurrent chemotherapy, the results of most survival outcome between the NCT and CRT groups were similar (Table 3) . Therefore, in patients with locally advanced NPC disease (staged T3-4), the DFFS did not favor NCT group with no significance (P=0.764). However, there was no one growing into regional failure in NCT group by the end of follow-up, and only the results for RRFS were different in patients who received less than two cycles of concurrent chemotherapy between the CCRT and NCT groups (P=0.044). The survival outcome of subset between the NCT and CRT groups after PSM was illustrated in Figure 2 .
neochemotherapy regimens affecting survival in the ncT cohort
In NCT cohort, the impact of neochemotherapy regimens was also analyzed (PF vs TPF vs other), and the results showed that there was no statistically significant difference (P=0.321, 0.254, 0.380 and 0.304 for OS, PFS, LRFS and DFFS, respectively). There was no advantage of PF or TPF regimens compared to other neochemotherapy regimens such as DOC and NDP ( Figure 3 ).
Toxicity
Acute and late toxicities are shown in Table 4 . It showed no difference of incidences of any acute and most late toxicity between the NCT and CRT groups. Leukopenia, neutropenia and mucositis were the most frequent grade 2 acute toxicities in the two groups. Grade 4 toxicity of anemia and thrombocytopenia were just observed in the NCT group. However, one patient in CRT group achieved percutaneous endoscopic gastrostomy (PEG) due to dysphagia. What is more, grade 3-4 toxicity was not common in our study.
Discussion
IMRT is really an appropriate treatment for NPC because of the irregular target volume and proximity of critical structures, and it really achieves excellent results. However, there still exist failure patterns for NPC including distant metastasis in the era of IMRT. Whether the addition of NCT to CCRT could improve the treatment outcomes of NPC in the era of IMRT needs further research. In our study, the cases of newly diagnosed NPC were all from GXMU Assistant Tumor Hospital from December 2006 to December 2012 and had strong homogeneity. To control the imbalance and bias, we Abbreviations: Os, overall survival; PFs, progression-free survival; rFs, recurrence-free survival; lrFs, local recurrence-free survival; rrFs, regional recurrence-free survival; DFFs, distant failure-free survival; hr, hazard ratio;
ccT, concurrent chemotherapy; crT, concurrent chemoradiotherapy; ncT, neoadjuvant chemotherapy; KPs, Karnofsky performance score; DDP, cisplatin alone; DDP In the era of IMRT, the studies about the additional NCT to CCRT is uncommon today, most of which were not entirely based on patients treated with IMRT. Previous data revealed that in 65 eligible patients with stages III-IVB NPC (a part of patients received IMRT), the 3-year PFS and OS for NCT with DOC and cisplatin (TP) followed by CCRT vs CCRT alone were 88.2% and 59.5% (P=0.12) and 94.1% and 67.7% (P=0.012), respectively. 12 Induction chemotherapy (IC) with three cycles of CEP (cisplatin, epirubicin and paclitaxel) when followed by CCRT did not significantly improve response rates and/or survival compared with CCRT alone in patients staged IIB-IVB according to the American Joint Committee on Staging of Cancer classification (AJCC 2002), a few of whom were treated with two-dimensional radiotherapy. 15 It was also showed that NCT followed by CCRT did not significantly improve OS, LRFS or DFFS by a meta-analysis on 11 studies included 1096 NPC patients, some of whom received IMRT. 16 Another meta-analysis in which IMRT and three-dimensional conformal radiotherapy were adopted for partial patients indicated that NCT+CCRT is associated with reduced distant failure compared with CCRT alone, and whether the additional NCT can improve survival for locoregionally advanced NPC should be further explored. 11 For 83 locoregionally advanced NPC patients all treated with IMRT who underwent NCT followed by CCRT (49%) or CCRT with/without adjuvant chemotherapy (51%), Abbreviations: ncT, neoadjuvant chemotherapy; ccT, concurrent chemotherapy; crT, concurrent chemoradiotherapy; PsM, propensity score matching; Os, overall survival; PFs, progression-free survival; rFs, recurrence-free survival; lrFs, local recurrence-free survival; rrFs, regional recurrence-free survival; DFFs, distant failure-free survival; DDP, cisplatin alone; DDP +5-FU, cisplatin +5-fluorouracil.
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chen et al Note: every curve represents censored and uncensored data, and "+" represents censored data. Abbreviations: Os, overall survival; PFs, progression-free survival; lrFs, local recurrence-free survival; DFFs, distant failure-free survival; rrFs, regional recurrence-free survival; crT, concurrent chemoradiotherapy; ncT, neoadjuvant chemotherapy.
NCT demonstrated no benefit and an increased risk of severe hematologic toxicity, but potential of improving distant metastasis-free survival in stage IV patients compared to patients treated with CCRT alone. 17 However, our study failed to observe a better long-term outcome for the addition of NCT to CCRT in the era of IMRT, which revealed that NCT+CCRT was equivalent to CCRT in patients treated with IMRT. It can be interpreted as that IMRT improves locoregional control and decreases the disparity of survival benefit from the addition of NCT to CCRT. NCT may destroy the sensitive tumor stem cells before IMRT, and the remaining tumor cells may present radiation resistance during IMRT, which may be one of the causes resulting in no advantage for survival in addition of NCT to CCRT compared to CCRT alone. Another reason might be the limit of the relatively small sample and insufficient cycles of NCT in our research. A total of 45 patients (67.2%) completed only one cycle of NCT perhaps because of physical, economic, individual aspiration or other reasons. According to the situation, we advised to optimize the submit your manuscript | www.dovepress.com
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chen et al Figure 3 (A-D) Os, PFs, lrFs and DFFs in ncT groups of patients who received different neochemotherapy regimens. Note: every curve represents censored and uncensored data, and "+" represents censored data. Abbreviations: Os, overall survival; PFs, progression-free survival; lrFs, local recurrence-free survival; DFFs, distant failure-free survival; ncT, neoadjuvant chemotherapy.
allocation of medical resources and provide psychological support for patients. However, preliminary results indicated that the benefit of changing to an induction-concurrent sequence remains uncertain. 18 In our study, during CCRT, 41 patients (61.2%) had completed at least two cycles of concurrent chemotherapy in NCT group, while 112 patients (83.6%) in CRT group. It showed even worse compliance during CCRT in NCT group. Recent study showed that chemotherapy tolerance during CCRT was similar in the NCT and CCRT arms for any chemotherapy regimen. 19 We found that there was no one growing into regional failure in NCT group by the end of follow-up, and the results in multivariate analysis indicated that no matter whether NCT was adopted or not, the patients who had completed at least two cycles of concurrent chemotherapy got better OS, RFS and DFFS (P=0.009, 0.016 and 0.043, respectively). This could reveal that NCT will be not necessary if concurrent is finished well (two cycles of concurrent chemotherapy or more). RRFS was different in patients who received less than two cycles of concurrent chemotherapy (P=0.044) between NCT and CRT groups by subset analysis, which also might reveal that when NPC patients accomplished less than two cycles of concurrent chemotherapy, the addition of NCT may account for the better regional control compared to CCRT alone. But there was a limitation of the small sample in NCT group and the insufficient cycles of NCT. This could affect the results. More patients and longer term follow-up were warranted to evaluate late toxicity and treatment outcome. Our study demonstrated that OS and RFS tended to decrease with the increase in age (P=0.021 and 0.044, respectively) and higher KPS improved DFFS (P=0.039). It was easy to understand why they affected the survival. What is more, OS, PFS, RFS and LRFS were worse in advanced cases of stage IV compared to stages II-III (P=0.002, 0.022, 0.003 and 0.004, respectively). Regarding T stage, N stage and regimens of concurrent chemotherapy, they were not significant factors affecting the survival by multivariate analysis in our research. Therefore, in patients with locally advanced NPC disease (staged T3-4), the DFFS did not favor NCT group with no significance (P=0.764). A study indicated that the NCT arm showed superior DFFS and disease-free survival (DFS) in stage IV patients younger than 60 years. 19 A Phase III randomized trials indicated that 3-year failure-free survival was 80% in the NCT+CRT group and 72% in the CCRT alone group (P=0.034) in patients with previously untreated, stages III-IVB (except T3-4N0) NPC. 10 It indicated that in the ascending type (T4 and N0-1) of NPC, distant metastasis-free survival rate and PFS rate were improved significantly by NACT+RT compared with CCRT. 20 Another research revealed that 5-year DFFS was significantly improved by induction chemotherapy in stage IVa (86.8% vs 77.3%, P=0.008) but not stage IVb. 21 With evidence of survival benefit from Phase III randomized trials in the era of IMRT, NCT should be carefully administered in locoregionally advanced NPC patients at high risk of developing distant metastasis and radiotherapy-related mucositis. More results of ongoing trials are awaited in the era of IMRT.
In our NCT cohort, there was no advantage of PF or TPF regimens compared to other neochemotherapy regimens such as DOC and NDP. What is more, it showed no difference of incidences of any acute and most late toxicity between the NCT and CRT groups in our study. The optimal chemotherapeutic regimen of NCT has not been determined completely. The 5-year OS and PFS were not significantly different between NCT with DOC, cisplatin and fluorouracil (TPF) followed by CCRT and CRT groups (OS: 78.3% vs 82.7%, P=0.77; PFS: 72.5% vs 68.2%, P=0.81, respectively) but less grade 3-4 late toxicities were observed. 22 In the multicenter prospective study, there was no statistically significant difference for the 3-year OS, LRFS, RRFS, DFFS and PFS in experimental group adopted NCT with DOC plus NDP followed by concomitant NDP and IMRT compared to control group where NDP was replaced by cisplatin, and patients showed good tolerance and compliance with a manageable toxicity profile to the regimen of NCT with DOC plus NDP followed by concomitant NDP and IMRT. 23 A PFS benefit for NCT with DOC, cisplatin and fluorouracil (TPF) compared submit your manuscript | www.dovepress.com
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chen et al to PF (84.5% vs 77.9%, P=0.380) with a minimum of 2 years follow-up was observed, and the treatment efficacy of PF is not superior to TPF in patients with locoregionally advanced NPC. 24 This study showed the similar efficacy for NCT with DOC plus carboplatin (TC) or 5-FU plus carboplatin (FC) in treating locally advanced NPC. 25 Recently, a Phase III, multicenter, randomized controlled trial indicated that failurefree survival was improved significantly by the addition of NCT with cisplatin, fluorouracil and DOC (TPF) to CCRT in locoregionally advanced NPC with acceptable toxicity. 10 It might be a reasonable approach with the addition of NCT to CCRT, and we need more work to confirm the effects. There were several limitations in our study. Due to the relatively small sample in NCT group and the insufficient cycles of NCT, the current findings could only be taken as preliminary. We will try our best to continue this work in future.
Conclusion
Our study did not show the exact advantage of NCT followed by CCRT compared with CCRT alone or higher incidences of toxicity in NCT group. It suggests that NCT might not be necessary if two or more cycles of concurrent chemotherapy are finished well in the era of IMRT, and when NCT is finished well, less than two cycles of concurrent chemotherapy with IMRT could be enough. However, in the era of IMRT, the role of NCT still needs to be further explored.
